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Validation of Extended Building Heat Transfer Model
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ABSTRACT: Theory of the building heat transfer is generally limited to the heat flux to the
surfaces of windows and walls, which influences the indoor climate of a building, in the field
of architectural environmental engineering. While the heat flux from the buildings to their
environment has been considered in the viewpoint of urban climate, its conventional theory
have been rarely examined.

The purpose of this study is to propose a building-urban heat transfer model for defining
the relation: between the building and the urban climate by extending the building heat trans-
fer model. In this study, the extended building heat transfer model, where response factor
method is used, is established on the urban space and the indoor space by the boundary of
building envelopes. Computer simulation (HASP/ACLD) is conducted on the subjected urban
area by the established building-urban heat transfer model.

As a result it is logically proved that the short waves of solar radiation, which interact
with long waves of radiation from the buildings and the earth, increase the urban air tem-
perature and buildings largely influence on the urban climate.

Key words: Building heat transfer model(z1& X g% 9), Urban climates(X*]7]%), Heat load
calculation method(&#3}A4HY), Heat gain(gd# =), Cooling load(W¥ %% 3}), Res-
ponse factor method(£®A4¥)
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Table 1 Boundary condition of Surface ground layer and Underground layer

Temperature iof upper Surface ground layer
Humidity of upper Surface ground layer
Velocity of upper Surface ground layer

oughness length

Surface condition

Boundary condition of underground

Q,=26.0+2.5sin(#—8)x/12, t=time
15 g/kg (constant)
5 m/s (constant)
10m

Concrete coat (evapotranspiration 0), Concrete 100,

Soil 900 (evapotranspiration 0.2)

Surface temperature of day average (Depth 1 m)

Table 2 Incoming (| ) radiation

Vertical airect radiation
Horizontal sky radiation
Atmospheric radiation
Solar position

Bouguer equation
Berlage equation
Yamamoto-Brunt equation

1, AUG. (east logitude 139°46', latitude 35°41’)
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Table 3 Building condition

Floor area
Out-wall
Roof
Surface ground layer
Window
Ventilation
Internal heat capacity
Out-wall surface short wave absorption rate
Out-wall surface long wave absorption rate
Window area rate

Each building
Each building (GIS data)
Each building (GIS data)

Each building

System window
1 time
Each building
0.8
09
Each building

Table 4 HVAC system and Running schedule

Temperature 26C
Humidity 50% RH
Running time |8:00~19:00(8:00~9:00)
Heating time 9:00~19:00
Internal heat gain | Each building set (W/m?)
Supply air 40 m*/m’h
HVAC Air heater heat pump

HVAC capacity 109 upper load

Table 5 Chiller COP

Heater Specification COP
Rotary 32
Chiller Screw 33
Turbo 3.6
Turbo (heat recycle) 3.5/5.1
i‘:ﬁ; Air heater (rotary) 2.84/4.0
Air heater (screw) 3.33/3.1
Single 0.58
A;’tis(‘)’;‘ Multi 13
Hot and chilled water generator | 0.97
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Fig. 6 Temperature distribution (pm 6).
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